The study was conducted to determine the demographic and health-related risk factors of subclinical vitamin A deficiency in Ethiopia. Blood samples were collected from 996 children in 210 clusters across the nation for analysis of serum retinol. Interviews were conducted with the respective mothers of the 996 children on presumed risk factors of vitamin A deficiency. A higher subclinical vitamin A deficiency was associated with: not receiving vitamin A supplement over the year, having been ill during the two weeks preceding the survey, no or incomplete vaccination, belonging to a mother with high parity, and low levels of awareness of vitamin A. Moreover, being from Muslim household was strongly associated with higher levels of subclinical vitamin A deficiency. Among the risk factors identified, low levels of vaccination, high parity, and low levels of maternal awareness of vitamin A contributed to higher risks of vitamin A deficiency among Muslim children. The findings underscore the need for creation of strengthened awareness of family planning and importance of vitamin A, promotion of vaccination and child health, intensification of vitamin A supplementation, and in-depth investigation on factors contributing to increased vulnerability of Muslim children.
INTRODUCTION
The far-reaching health consequence of vitamin A deficiency is well-substantiated by numerous welldesigned scientific studies (1, 2) . Meta-analysis of a number of trials has clearly demonstrated that as much as 23% reduction in mortality of children could be achieved by improving vitamin A status (3) . Several studies have established that vitamin A deficiency is a major public-health problem in Ethiopia (4) (5) (6) (7) (8) (9) (10) . Except in the southern region where studies have consistently shown low levels of vitamin A deficiency (4, 10) , the problem has continued to constitute a major public-health concern in other regions. In some regions, close to 8% prevalence rate of Bitot's spot (clinical vitamin A deficiency) was reported, perhaps the highest rate ever recorded in the world (6) . The fifth nutrition situation report of the Standing Committee on Nutrition of the United Nations indicates that the prevalence of xerophthalmia in Ethiopia is the highest in the world (11) .
Cognizant of the wide-scale prevalence and enormous health impacts, interventions were initiated as early as in 1960 in Ethiopia. During 1969 During -1973 , a pilot intervention study in two towns-one with nutrition education and the other with vitamin A capsule distribution-emphasized the value of these interventions, and following this, diseasetargeted vitamin A supplementation, along with nutrition education, was initiated. The nationwide vitamin A supplementation began in 1995 as a component of Expanded Programme on Immunization (EPI), and starting from 1997, vitamin A supplementation was effected through campaigns either integrated with the National Immunization Days or as a stand-alone activity. Initially, the coverage was good but later the coverage dropped substantially as a result of deaths occurring during the supplementation. While squeezing the contents of the capsule during oral dosing, in some rare instances, the entire capsules slipped into the mouth of children and choked them by sticking to esophagus and blocking air passage. At the time of this survey, an enhanced outreach strategy, incorporating deworming and other health interventions, along with vitamin A supplementation, was being implemented in three regions.
The primary cause of vitamin A deficiency is inadequate dietary consumption of vitamin A and/ or suboptimal use of the nutrient in the body. A number of secondary factors contribute to insufficient dietary intake of vitamin A. Inadequate production of vitamin A-rich foods, lack of income to purchase, unavailability of vitamin A-rich foods in markets, a large family size, high maternal parity levels, low level of maternal education, low levels of awareness of the importance of vitamin A, and illness are some secondary factors that are presumed to contribute to inadequate consumption of vitamin A in developing countries.
As the risk factors and determinants of vitamin A are context-specific (socioeconomic, cultural, environmental, etc.), variations in factors contributing to vitamin A deficiency exist among countries, regions, and localities, underlining the need to assess country/region/area-specific risk factors. Knowledge on such specific risk factors enables implementers and policy-makers to design and implement effective interventions. Unfortunately, studies relating to country and region or area-specific causes of vitamin A in Ethiopia are scarce, and hence, substantive information regarding factors contributing to vitamin A deficiency is lacking. The aim of this study was to partially fill the information gap on causes of vitamin A deficiency by providing information on some demographic and health-related risk factors.
MATERIALS AND METHODS

Survey design and sampling
Multi-stage, cluster-sampling approach and crosssectional design were employed in the study. Nine of the 11 regional administrative states that constitute the Federal Government of Ethiopia were included in the survey (two regions were excluded due to security reasons). In each region, 30 clusters (villages) were randomly selected, and blood samples were collected from five systematically-selected children, bringing the regional sample size to 150 children and the national sample size to 1,350 children (nine regions). The sample size of 150 children per region was determined based on 44% prevalence rate of deficient serum retinol levels reported in the 1980/1981 national study that is p=44%, confidence interval=95%, worst acceptable=54%, and clustering effect of 2. Interviews pertaining to household, maternal and child characteristics presumed to contribute to vitamin A deficiency were conducted with mothers of the children included in biochemical assessment. In the final analysis, the serum retinol results of the 996 children (due to insufficient blood for analysis) and corresponding maternal interviews were used.
Collection of data
Laboratory technicians trained by experienced senior laboratory technicians collected blood samples. All necessary safety measures were strictly maintained during blood collection. Blood samples were kept in an icebox and in a dark place until they were transported to health institutions where centrifuges and refrigerators were available. After centrifuging, the sera were kept in a deep freezer at -80 o C. Analysis of serum retinol was performed at the Ethiopian Health and Nutrition Research Institute, Addis Ababa, using high-performance liquid chromatography (12) .
Ethical approval was obtained from the Research and Ethical Clearance Committee at the National Health and Nutrition Research Institute. Following thorough explanations about the importance of the survey, consents from families were requested. Blood collection ensued only when the consent of the family was obtained. At the end of collection of blood samples, biscuits and soaps were given to children as incentives.
Trained data collectors administered the household questionnaire. A three-day thorough theoretical and practical training was given to the data collectors. Data collection commenced only when common understanding among all the data collectors was reached.
Processing and analysis of data
Age of the children was categorized as 6-24 months, 25-48 months, and 49-72 months. Age of the mothers was categorized as below 25 years, 25-35 years, and above 35 years. The education level of mothers was categorized as 'illiterate' when the mother could not read/write and 'literate' when the mother could read/write or has gone to formal school. The overall knowledge of the mothers regarding vitamin A refers to knowing or not knowing at least one aspect of vitamin A (consequences, foods rich in vitamin A, or the importance). Similarly, overall illness refers to being ill over 15 days preceding the survey, regardless of types, episode, and the severity of illness. The World Health organization recommends serum retinol levels of <0.7 µmole/L as a cut-off point, indicative of the presence of subclinical vitamin A deficiency (13) . This cut-off point was used in this study.
Serum retinol results and data collected through interviews were entered into computer using the SPSS software (version 13.0), and analysis was done in the same software. Bivariate logistic regression was used for examining the strength of the association of each variable to vitamin A (without controlling for the effect of other variables). Multivariate logistic regression was used for examining the independent, collective and individual contributions of child, maternal and household attributes. Three models were constructed. The first model contained only child characteristics; the second model contained child and maternal characteristics; and the third one (full model) contained child, maternal and household characteristics. Table 1 shows the prevalence of subclinical vitamin A deficiency by child-related risk factors. The results of bivariate analysis indicated that the prevalence of subclinical vitamin A deficiency was not markedly different between female and male children. Neither significant difference nor discernable trend in subclinical vitamin A deficiency was observed among children in the three age-categories. However, the rate of prevalence of subclinical vitamin A deficiency was significantly higher among children who did not complete vaccination compared to those who had completed, among children who were ill in the 15 days prior to the survey compared to those who were not, and among those who did not receive vitamin A supplement at least once over the year compared to those who had received.
RESULTS
The prevalence of subclinical vitamin A deficiency by household and maternal characteristics is shown in Table 2 . The bivariate results showed lack of significant difference in the prevalence of subclinical vitamin A deficiency among rural and urban children. The prevalence of subclinical vitamin A deficiency was modestly but significantly higher among children belonging to large-sized households (six and more members) and more underfive siblings (two or more) compared to children belonging to small-sized households (five and less) and a few under-five siblings (one or none). The prevalence of subclinical vitamin A deficiency was significantly higher among Muslim children than among Christian children.
There was no difference in the prevalence of subclinical vitamin A deficiency among children born to older, middle-age and younger mothers. However, the prevalence was significantly higher among children whose mothers had more deliveries (three and above), children belonging to illiterate mothers, and children belonging to mothers who had low levels of awareness of vitamin A compared to children whose mothers had a few deliveries (two and below), children belonging to literate mothers, and children belonging to mothers who had better awareness of vitamin A.
The results of multivariate logistic analysis are presented in Table 3 . Among the child attributes (model I), not receiving vitamin A supplements at least once over the year (odds ratio [OR]=1.74; 95% confidence interval [CI] 1.30-2.35), illness over two weeks prior to the survey (OR=1.40; 95% CI 1.06-1.83), and incompletion of vaccination (OR=1.43; 95% CI 1.10-1.99) were significantly associated with high levels of subclinical vitamin A deficiency. Among the combined child and maternal variables (model II), the child attributes that were significant in model I and high parity levels (OR=1.70; 95% CI 1.23-2.32) and lack of awareness about vitamin A (OR=1.80; 95% CI 1.24-2.64) from the maternal attributes were significantly associated with high levels of subclinical vitamin A deficiency. While all the maternal and child-related attributes that were significant in Model II persisted to be significantly associated (model III), only religion was strongly and significantly (OR=2.23; 95% CI 1.63-3.06) associated with subclinical vitamin A deficiency from the household characteristics.
The likelihood ratio associated with the full model (model III) was 80.94 (p=0.000). Of this total likelihood ratio, child-related attributes (vitamin A supplementation, illness, and vaccination status) contributed only 19.39 (23.96%), maternal char- The results of the comparison of the identified risk factors among Muslim and Christian children are presented in Table 4 . The proportion of Muslim children who had completed vaccination was significantly lower than the proportion of Christian children who had completed vaccination. The proportion of Muslim children belonging to large-family households, mothers with more births, illiterate mothers, and mothers with low levels of awareness of vitamin A were significantly (p<0.001) higher compared to children from Christian households.
DISCUSSION
The fact that vitamin A deficiency is strongly associated with disease is well-substantiated. Studies have clearly shown that diarrhoeal disease affects vitamin A status by increasing loss of nutrients substantially (3). Similarly, intestinal parasites, such as Giardia, Ascaris, and hookworm, reduce the absorption of nutrients. Results of studies also indicate that respiratory-tract infections compromise the dietary absorption of vitamin A (14,15) . The substantial contribution of childhood illness to vitamin A deficiency is corroborated by findings of the present study. In addition, the importance of immunization in preventing childhood illness and vitamin A deficiency is highlighted by the findings of this study. The study also confirmed the fact that vitamin A supplementation is an efficient intervention to prevent and control vitamin A deficiency.
Parity is one of the demographic characteristics presumed to affect the nutritional status of mothers and children. Repeated and short-spaced deliveries are known to deplete nutrients, compromising the capacity of mothers to adequately nourish their children. The findings of the present study sup- In conclusion, the study revealed that the Muslim children were more vulnerable to vitamin A deficiency underlining the need to further investigate the reasons. Vitamin A supplementation has shown a marked positive impact on vitamin A status and must, therefore, be strengthened and intensified. The study revealed pronounced negative impacts of disease and incompletion of vaccination calling for intensification of efforts relating to enhancing child health and vaccination. The risk associated with increased parity levels and lack of awareness of vitamin A is highlighted, urging for creation of strengthened awareness-promotion activities relating to family planning and the importance of vitamin A. The modest associations of maternal attributes and the strong association of household characteristics (religion) to subclinical vitamin A deficiency underlines the need to address these factors, along with child-related factors.
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